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Motivation

Improve CERES SARB TOA and
surface flux calculations [3]
through improvements to:

1. Aerosol type identification
(MODIS or VIIRS
multi-channel algorithms)

2. Aerosol vertical profile
(CALIOP lidar)

Focus on natural events such as:
1. Dust storms

2. Wildfire smoke

3. Volcanic ash plumes
(intense, highly localized
sources [11])

Figure 1 : Puyehue eruption, Chile,
2011 June 5. Photo credit Alvaro
Vidal, Getty Images.

Remark: Volcanic climate forcing is
due to SO2 emissions (stratospheric
SO4), the effect of ash particles on
the global energy balance is
negligible. High SO2 plume
concentrations can be detected in
the UV spectra of instruments such
as Aura OMI.
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Overview

1. Identify volcanic ash clouds with
multi-channel MODIS ([10]) algorithms

2. Plume heights taken from auxillary sources

3. Temperature profiles from MERRA

4. Estimate ash optical depth from MODIS visible channel reflectances
with radiative transfer model (libRadtran)

5. Compute SW, LW, WN TOA fluxes ([7])
at SSF level with radiative transfer model

6. Compare to instantaneous CERES SSF fluxes ([6], [5], [4])
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Figure 2 : SEM image of large
(D ∼ 100µm) andesite shards
(volcanic glass), USGS.

Mie scattering, log-normal size
distribution with re = 2.4µm.
See Muñoz [8] for scattering
calculations.
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Figure 3 : Imaginary part of the index of
refraction versus wavelength for volcanic
ash (red), liquid water (green) and ice
water (blue) (HITRAN 2008).
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Split Window Ash Detection BTD(11-12) < 0

Modified Pavolonis algorithm ([2], [9], [12], [13]).
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Figure 4 : θ0 = 30◦, θ = 10◦, mid-latitude summer
τ0.65 = 0.1, 0.5, 1, 2, 3, 4, 5, 20
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Split Window Ash Detection R(3.75/0.65) > 1
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Figure 5 : θ0 = 30◦, θ = 10◦, mid-latitude summer,
τ0.65 = 0.01, 0.05, 0.1, 0.5, 1, 5, 20
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Figure 6 : Puyehue 2011 June 6, Terra MODIS 1 km true color and split
window ash detection.
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Figure 7 : 2011 June 6 Puyehue.
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Figure 8 : 2011 June 6 Puyehue.
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Figure 9 : 2011 June 6 Puyehue.
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Figure 10 : Ash optical depth at
0.55 µm, 2011 June 6 Puyehue.
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Figure 11 : Chaitén 2008 May 3, Aqua MODIS 1 km true color and split
window ash detection.
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Figure 12 : 2008 May 3 Chaitén.

100 200 300 400
Model

100

200

300

400

C
E
R

E
S

Flux SW TOA [W m-2]

SSF SW TOA Flux

CERES mean 273 W m−2

model mean 312 W m−2

RMSE 26 W m−2

David Fillmore and David Kindig CERES Volcanic Ash Plumes



Introduction
Preliminary Results

Conclusions
References

Puyehue
Chaitén
Eyjafjallajökull

CERES Flux LW TOA

150

200

250

W
 m

-2

Model Flux LW TOA

Figure 13 : 2008 May 3 Chaitén.
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Figure 14 : 2008 May 3 Chaitén.
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Figure 15 : Ash optical depth at
0.55 µm, 2008 May 3 Chaitén.
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Figure 16 : Eyjafjallajökull 2010 April 19 Terra MODIS 1 km true color and
split window ash detection. See, e.g., Christopher [1].
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Figure 17 : Eyjafjallajökull 2010 May 6 Terra MODIS 1 km true color and
split window ash detection.
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Summary

1. Split window MODIS ash detection effective in most cases

2. Requires tuning threshold parameters by volcanic eruption

3. Can the algorithm be automated?

4. Radiative transfer model over ash plumes agrees well
with CERES TOA fluxes, generally within random ADM error

Next Steps

1. Use C3M plume height information

2. Evaluation of SARB MATCH aerosol assimilation

3. Find more volcanic events

4. Continue with wildfire events
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